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Description 

METHOD AND APPARATUS FOR MR 
PERFUSION IMAGE ACQUISmON USING 
NON-SELECTIVE AND NOTCHED RF 
SA TURA TION PULSES 

Background of Invention 

[0001] The present invention relates generally to magnetic reso- 
nance (MR) imaging, and more particularly to, a method 
and apparatus to acquire MR images with improved image 
signal and contrast using a non-selective and notched RF 
saturation pulse in MR perfusion imaging. 

[0002] When a substance such as human tissue is subjected to a 
uniform magnetic field (polarizing field B^), the individual 
magnetic moments of the spins in the tissue attempt to 
align with this polarizing field, but precess about it in 
random order at their characteristic Larmor frequency. If 
the substance, or tissue, is subjected to a magnetic field 
(excitation field B ) which is in the x-y plane and which is 



near the Larmor frequency, the net aligned moment, or 
"longitudinal magnetization", M^, may be rotated, or 
"tipped", into the x-y plane to produce a net transverse 
magnetic moment M^. A signal is emitted by the excited 
spins after the excitation signal is terminated and this 
signal may be received and processed to form an image. 
[0003] When utilizing these signals to produce images, magnetic 
field gradients (G G and G ) are employed. Typically, the 
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region to be imaged is scanned by a sequence of mea- 
surement cycles in which these gradients vary according 
to the particular localization method being used. The re- 
sulting set of received NMR signals are digitized and pro- 
cessed to reconstruct the image using one of many well 
known reconstruction techniques. 
[0004] Myocardial perfusion imaging includes the detection of a 
contrast agent as it passes through muscle tissue in the 
heart to non-invasively study blood flow in the micro- 
circulation of the heart. Typically, perfusion imaging con- 
sists of using an injected contrast agent (bolus) with rapid 
imaging during the first pass of the bolus using carefully 
optimized pulse sequence parameters. Quantification of 
blood flow from these images is accomplished with a re- 
gion-of-interest based signal, time-intensity curve analy- 



sis. To avoid cardiac motion artifacts, tlie perfusion im- 
ages are typically acquired with ECG gating to synchronize 
the repeated acquisition of images at different spatial lo- 
cations, each to the same relative point in the cardiac cy- 
cle. In the past, the period of image acquisition was typi- 
cally several minutes long, causing the images to suffer 
from significant respiratory motion artifacts. Such artifacts 
would require the manual registration and analysis of the 
perfusion images — a cumbersome and time-consuming 
task because the user must carefully arrange each image 
to compensate for the respiratory motion before proceed- 
ing to a region-of-interest, time-intensity analysis. Fur- 
thermore, the passage of the contrast agent takes place 
over a temporal span of several seconds. By averaging 
over several seconds or minutes, the effectiveness of 
measuring any change in perfusion is severely compro- 
mised. 

[0005] The goal of myocardial perfusion imaging is to detect and 
characterize the abnormal distribution of myocardial 
blood flow. The ability to extract quantitative perfusion 
indices such as time-to-peak, contrast enhancement ra- 
tio, and the slope from the first-pass contrast-enhanced 
MR images requires a generation of myocardial and 



blood-pool time-intensity curves for desired regions- 
of-interest. The computation of these curves is compli- 
cated when patients do not suspend respiration ade- 
quately, which then results in an image mis-registration 
over time. Mis-registration artifacts occur frequently due 
to the fact that the breath-hold duration required to cap- 
ture first-pass kinetics is typically 20-30 seconds. An ac- 
curate spatial alignment of images over a period of time is 
necessary for creating representative and accurate time- 
intensity curves for a given region of the myocardium. 
[0006] |\/ioreover, quantification of the blood flow or perfusion to 
cardiac tissue is also an important consideration. For such 
quantification, it is essential to acquire images at a spe- 
cific slice location in order to measure the signal intensity 
as a function of passage of the contrast media (i.e., time). 
This calibration slice allows the translation of signal in- 
tensity into a contrast media concentration. The input 
function or the amount of contrast introduced into the 
cardiac tissue can be extracted from this measurement. 
Thus, by measuring both the input function at a specific 
slice location and also the signal intensity variation in the 
cardiac (myocardial) tissue, the blood perfusion to specific 
regions of the heart can be computed. 



[0007] jhe imaging of blood perfusion in tissue is closely related 
to the imaging of blood flow in vascular structures, such 
as in MR angiography. As with MR angiography, MR perfu- 
sion imaging is performed by injecting the bolus of an MR 
active contrast agent into the patient during an imaging 
session. These agents can either decrease the of blood 
to enhance the detected MR signal, or decrease the of 
blood to attenuate the detected MR signal. As the bolus 
passes through the body, the enhanced or attenuated sig- 
nal increases or decreases the signal intensity observed in 
perfused tissue, but not in non-perfused tissue. The de- 
gree of signal change in the observed tissue can be used 
to determine the degree of tissue perfusion. Since perfu- 
sion measurements are based on the strength of the MR 
signals acquired during the scan, it is important that the 
MR signal strength be made insensitive to other measured 
variables. One such variable is the magnitude of the lon- 
gitudinal magnetization M^, which is tipped into the 
transverse plane by the RF excitation pulse in the MR 
pulse sequence. After each such excitation, the longitudi- 
nal magnetization is reduced and then recovers magni- 
tude as a rate determined by the T^ constant of the par- 
ticular spins being imaged. If another pulse sequence is 



performed before the longitudinal magnetization has re- 
covered, the magnitude of the acquired MR signal will be 
less than the signal produced by a pulse sequence which 
is delayed long enough to allow full recovery of the longi- 
tudinal magnetization. It is therefore important in perfu- 
sion imaging that the longitudinal magnetization variable 
be maintained at a constant level throughout the scan. 
One method to maintain a constant signal intensity level 
regardless of the preceding time is to use a saturation or 
90-degree magnetization preparation that allows the 
same available longitudinal magnetization for a given 
post-saturation delay time (Tl). 
[0008] Quantitative analysis of myocardial perfusion requires that 
adequate spatial coverage be maintained, good signal- 
to-noise (SNR) ratio be attained so that the myocardial 
perfusion defects can be qualitatively and quantitatively 
assessed, and that the measurement of the signal in the 
blood pool reflects contrast agent concentration. That is, 
it is desired that the MR signal from the blood pool be lin- 
ear with the concentration of contrast agent in the blood 
pool. One particular method of myocardial perfusion data 
acquisition is characterized by a notched perfusion acqui- 
sition. It has been shown that this particular method pro- 



vides good spatial coverage of the myocardium with high 
image SNR through longer magnetization recovery time 
(Tl) and the application of a saturation recovery prepara- 
tion RF pulse. However, in some circumstances, this 
method has been shown to be inadequate because the 
notched RF pulse saturates blood outside of the target 
slice but does not perturb (blood) spins within the target 
slice. As such, within any one target slice, the blood pool 
signal in the ventricle or aorta will be a combination of 
saturated and unsaturated blood. This will hinder an ac- 
curate measurement of contrast agent concentration as 
the signal intensity variation will no longer reflect a linear 
variation of contrast agent concentration. Notwithstanding 
the drawbacks of this notched approach, it is preferable 
over a data acquisition method that does not use notched 
RF pulses or any slice selective saturation. This is because 
the signal intensity in the myocardial tissue is unaffected 
by the inflow effects. Absent notched RF pulses or slice 
selective saturation, a longer physical Tl time must be 
used thereby increasing combined preparation and read- 
out times. Increasing the preparation and readout times 
reduces the overall number of slices that may be acquired 
within a single R-R interval or several R-R intervals 



thereby negatively affecting patient throughput. 
[0009] It would therefore be desirable to have a means for ac- 
quiring MR perfusion images whereby a notched acquisi- 
tion may be used for improved image SNR and spatial 
coverage and yet provide a simultaneous measurement of 
the blood pool signal which may be analyzed to quantify 
contrast agent concentration. It would be further desirable 
to have a pulse sequence that reduces variability in blood 
pool signal such that a linear measurement of contrast 

concentration in a blood pool may be obtained. 
Brief Description of Invention 

[0010] jhe present invention relates to a system and method of 
acquiring MR data using a combination of non-selective 
preparation and notched RF saturation pulses that provide 
adequate slice coverage, good overall SNR, and a de- 
tectable MR signal that varies linearly with contrast agent 
concentration for quantitative measurement of myocardial 
perfusion that overcomes the aforementioned drawbacks. 

[0011] Rather than exclusively using notched RF saturation 

pulses, the present invention uses a non-selective satura- 
tion pulse together with a series of notched RF saturation 
pulses to acquire perfusion data of a region-of-interest, 
e.g. the myocardium. The non-selective saturation recov- 



ery RF pulse is non-selective and is designed to be effec- 
tive for a first slice to be imaged as well as the next slice 
to be imaged in a series of slices. Since the saturation re- 
covery pulse is non-selective, the first slice may be placed 
at an angle or along a plane that is not necessarily co- 
planar or parallel with the other slices imaged. For imag- 
ing the myocardium, the non-selective saturation recovery 
pulse allows a user to prescribe a slice along the pul- 
monary vein or aortic outflow tract for a better measure- 
ment of contrast agent concentration. Further, because 
the acquisition segment used to acquire data for the first 
slice has half the spatial resolution of the other imaging 
segments, overall scan time is not increased. 

[0012] Therefore, in accordance with one aspect of the present 
invention, a method of acquiring MR data includes the 
steps applying a non-selective preparation pulse for a 
first slice and applying a notched preparation pulse for 
subsequent slices. The method further includes the step 
of acquiring MR data for the first and subsequent slices. 

[0013] In accordance with another aspect of the present inven- 
tion, a pulse sequence is provided. The pulse sequence 
includes a non-selective preparation segment followed by 
a first acquisition segment that are played out in a call- 



bration interval whereas a series of notched selective 
preparation segments followed by subsequent data acqui- 
sition segments are played out thereafter. 

[0014] According to another aspect of the present invention, an 
MR! apparatus includes an MR! system having a plurality 
of gradient coils positioned about a bore of a magnet to 
impress a polarizing magnetic field and an RF transceiver 
system, and an RF switch controlled by a pulse module to 
transmit RF signals to an RF coil assembly to acquire MR 
images. The MRI apparatus further includes a computer 
programmed to apply a non-selective, saturation recovery 
pulse to saturate a first slice of a set of slices. The com- 
puter is also programmed to apply a series of notched 
saturation recovery pulses to saturate each succeeding 
slice of the set of slices. The computer is further pro- 
grammed to apply a series of readout excitation pulses 
and acquire MR data from each slice. 

[0015] In accordance with yet another aspect of the present in- 
vention, a computer readable storage medium has a com- 
puter program stored thereon that represents a set of in- 
structions that when executed by a computer causes the 
computer to generate and cause application of a non- 
selective preparation segment in a first acquisition period 



of a series of acquisition periods. The computer is also 
caused to generate and cause application of a notched 
preparation segment in subsequent acquisition periods. 
The set of instructions further causes the computer to 
generate and cause application of an image acquisition 
segment in at least the subsequent acquisition periods 
and acquire MR data in the subsequent acquisition peri- 
ods. 

[0016] According to another aspect of the present invention, a 
computer data signal embodied in a carrier wave and 
downloadable/uploadable to an MR imaging system is 
provided. The signal represents at least a pulse sequence 
to be carried out for MR data acquisition by the MR imag- 
ing system. The pulse sequence includes a non-selective 
preparation pulse to be played out during a calibration in- 
terval as well as a notched preparation pulse to be played 
out in a series of data acquisition intervals following the 
calibration interval. The pulse sequence further includes a 
series of imaging pulses to be played out in the calibra- 
tion and data acquisition intervals for data acquisition in 
the calibration and data acquisition intervals. 

[0017] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 



ing detailed description and the drawings. 
Brief Description of Drawings 



[0018] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 

[0019] In the drawings: 

[0020] Fig. 1 is a schematic block diagram of an MR imaging sys- 
tem for use with the present invention. 

[0021] Fig. 2 is a graphical illustration comparing a conventional 
pulse sequence for myocardial perfusion MR data acquisi- 
tion with a pulse sequence in accordance with one em- 
bodiment of the present invention. 

[0022] Fig. 3 illustrates slice orientation according to one em- 
bodiment of the present invention relative to a cardiac 
volume being imaged for measurement of myocardial per- 
fusion. 
Detailed Description 

[0023] Referring to Fig. 1, the major components of a preferred 
magnetic resonance imaging (MR!) system 10 incorporat- 
ing the present invention are shown. The operation of the 
system is controlled from an operator console 12 which 
includes a keyboard or other input device 13, a control 
panel 14, and a display screen 16. The console 12 com- 



municates through a link 18 with a separate computer 
system 20 that enables an operator to control the produc- 
tion and display of images on the display screen 16. The 
computer system 20 includes a number of modules which 
communicate with each other through a backplane 20a. 
These include an image processor module 22, a CPU 
module 24 and a memory module 26, known in the art as 
a frame buffer for storing image data arrays. The com- 
puter system 20 is linked to disk storage 28 and tape 
drive 30 for storage of image data and programs, and 
communicates with a separate system control 32 through 
a high speed serial link 34. The input device 13 can in- 
clude a mouse. Joystick, keyboard, track ball, touch acti- 
vated screen, light wand, voice control, or any similar or 
equivalent input device, and may be used for interactive 
geometry prescription. 
[0024] The system control 32 includes a set of modules con- 
nected together by a backplane 32a. These include a CPU 
module 36 and a pulse generator module 38 which con- 
nects to the operator console 12 through a serial link 40. 
It is through link 40 that the system control 32 receives 
commands from the operator to indicate the scan se- 
quence that is to be performed. The pulse generator 



module 38 operates the system components to carry out 
the desired scan sequence and produces data which indi- 
cates the timing, strength and shape of the RF pulses pro- 
duced, and the timing and length of the data acquisition 
window. The pulse generator module 38 connects to a set 
of gradient amplifiers 42, to indicate the timing and shape 
of the gradient pulses that are produced during the scan. 
The pulse generator module 38 can also receive patient 
data from a physiological acquisition controller 44 that 
receives signals from a number of different sensors con- 
nected to the patient, such as ECG signals from electrodes 
attached to the patient. And finally, the pulse generator 
module 38 connects to a scan room interface circuit 46 
which receives signals from various sensors associated 
with the condition of the patient and the magnet system. 
It is also through the scan room interface circuit 46 that a 
patient positioning system 48 receives commands to 
move the patient to the desired position for the scan. 
[0025] The gradient waveforms produced by the pulse generator 
module 38 are applied to the gradient amplifier system 42 
having G , G , and G amplifiers. Each gradient amplifier 
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excites a corresponding physical gradient coil in a gradi- 
ent coil assembly generally designated 50 to produce the 



magnetic field gradients used for spatially encoding ac- 
quired signals. The gradient coil assembly 50 forms part 
of a magnet assembly 52 which includes a polarizing 
magnet 54 and a whole-body RF coil 56. A transceiver 
module 58 in the system control 32 produces pulses 
which are amplified by an RF amplifier 60 and coupled to 
the RF coil 56 by a transmit/receive switch 62. The result- 
ing signals emitted by the excited nuclei in the patient 
may be sensed by the same RF coil 56 and coupled 
through the transmit/receive switch 62 to a preamplifier 
64. The amplified MR signals are demodulated, filtered, 
and digitized in the receiver section of the transceiver 58. 
The transmit/receive switch 62 is controlled by a signal 
from the pulse generator module 38 to electrically con- 
nect the RF amplifier 60 to the coil 56 during the transmit 
mode and to connect the preamplifier 64 to the coil 56 
during the receive mode. The transmit/receive switch 62 
can also enable a separate RF coil (for example, a surface 
coil) to be used in either the transmit or receive mode. 
[0026] The MR signals picked up by the RF coil 56 are digitized 

by the transceiver module 58 and transferred to a memory 
module 66 in the system control 32. A scan is complete 
when an array of raw k-space data has been acquired in 



the memory module 66. This raw k-space data is rear- 
ranged into separate l<-space data arrays for each image 
to be reconstructed, and each of these is input to an array 
processor 68 which operates to Fourier transform the data 
into an array of image data. This image data is conveyed 
through the serial link 34 to the computer system 20 
where it is stored in memory, such as disk storage 28. In 
response to commands received from the operator con- 
sole 12, this image data may be archived in long term 
storage, such as on the tape drive 30, or it may be further 
processed by the image processor 22 and conveyed to the 
operator console 12 and presented on the display 16. 

[0027] The present invention includes a method and system suit- 
able for use with the above- referenced NMR system, or 
any similar or equivalent system for obtaining MR data. 
The present invention will be described with respect to 
imaging the myocardium but may be equivalently used to 
image other anatomical regions or volumes-of-interest. 

[0028] Referring now to Fig. 2, a conventional pulse/acquisition 
sequence for a myocardial perfusion MR data acquisition 
and a pulse/acquisition sequence according to the present 
invention are shown. Sequence 70 illustrates a conven- 
tional notched approach to myocardial perfusion MR data 



acquisition. Pulse sequence 70, in the illustrated example, 
is designed to be repeated every other R-R interval or 
heartbeat. ECC signals 72 define or gate each R-R inter- 
val. It should be noted that pulse sequenced 70 can also 
be repeated every heartbeat or every n heartbeats, where 
n is some number greater than or equal to 1. As indicated, 
in interval R-R^, data is acquired for three slices (loci, 
loc2, loc3) whereas two slices (loc4, loc5) are imaged dur- 
ing the next R-R interval, R-R^. Each slice is imaged dur- 
ing a data acquisition interval and as such the pulse se- 
quence includes a series of data acquisition intervals that 
are defined by the R-R intervals. In general, the number of 
possible slices or slice locations that can be acquired can 
be defined as the number of SR and SL segments that can 
fit into n R-R intervals, where n=l,2,3,... It should be 
noted that if there is a physical delay, PD, then the time 
for one slice is now (SR + SL + PD), increasing the time 
per slice and decreasing the maximum number of slices 
per time point. While the invention will be described with 
respect to PD=0, one skilled in the art will readily appreci- 
ate that the present invention is equivalently applicable 
with over PD values. As will be described, pulse sequence 
70 is characterized by a notched preparation segment as 



well as an image acquisition segment for data acquisition. 

[0029] Conventional notched perfusion sequence 70 allows a sat- 
uration recovery RF pulse to be effective everywhere ex- 
cept for the immediate slice to be imaged. As illustrated, 
preparation segment SRI is effective over each slice ex- 
cept for slice loci. The spins in the next slice, loc2, will 
experience the effect of SRI with an actual recovery time 
(Tl) equivalent to the time needed to play out notched 
preparation segment SRI and an image acquisition seg- 
ment SLl. Image acquisition segments SLl, SL2, SL3, SL4, 
and SL5 correspond to image acquisition segments de- 
fined by a series of imaging excitations that are used to 
acquire MR data from a respective slice or spatial location. 

[0030] Similar to notched preparation segment SRI, notched 

preparation segment SR2 is effective for every slice except 
slice loc2. As such, notched preparation segment SR2 
prepares the magnetization for readout at a later Tl time 
at image acquisition segment SL3. It therefore follows that 
for conventional pulse sequence 70, the Tl time for slice 
loci is the result of SRn, i.e. the last preparation segment 
from the previous R-R interval. Accordingly, in the illus- 
trated example, the Tl time for SLl is a function of 
notched preparation segment SR5 played out in interval 



R-R . Further, due to variations in lieart rate, this Tl time 
2 ' ' 

may not be equal to that of the other slices. 

[0031] As is well known, the effect of the notched preparation 

pulses (SRn) on blood pool signal is variable depending on 
blood flow. This variability is a result of unsaturated blood 
from the notched pulse flowing into an imaged slice and 
mixing with saturated blood. As a result, the blood pool 
signal is indeterminate and somewhat independent of 
contrast agent concentration. 

[0032] In contrast, pulse sequence 74 is designed to acquire data 
with efficient spatial coverage but allow for the acquisition 
of a measurement slice that provides a linear measure of 
signal intensity versus contrast concentration in the blood 
pool. Similar to conventional pulse sequence 70, pulse se- 
quence 74 is carried out over a series of R-R intervals or 
heartbeats as defined by gated signals 76. As such, pulse 
sequence 74 defines a series of data acquisition intervals. 
As will be described, the series of data acquisition inter- 
vals follows a calibration interval. Further, to accentuate 
the distinctions between the pulse sequence of the 
present invention with the conventional pulse sequence, 
pulse sequence 74 will be described with respect to data 
acquisition of five slices (loci, loc2, loc3, loc4, loc5) simi- 



lar to that which was described with respect to pulse se- 
quence 70. 

[0033] In contrast to pulse sequence 70, pulse sequence 74 in- 
cludes a non-selective RF pulse SRI' that is played out at 
the beginning of interval R-R^,i.e. in the calibration win- 
dow. Saturation recovery pulse SRI' is non-selective and 
is effective for the slice loci as well as the next slice, loc2. 
The image acquisition segment SLl' for the first slice or 
spatial location has, in the illustrated example, one-half 
the spatial resolution of the other image acquisition seg- 
ments SL2, SL3, SL4, and SL5 that are played out in the 
data acquisition intervals subsequent to the calibration in- 
terval. The Tl time for the next slice loc2 is not perturbed 
as the same segment time (SRI + SLl) of the conventional 
pulse sequence is maintained, except that the acquisition 
time for slice loci is one-half of that for the conventional 
pulse sequence 70. That is, SLl' equals (SLl)/2. The Tl 
time for slice loci is therefore Til = (SLl)/2. Hence, the 
overall segment time is maintained as SRI + SLl = SRI' + 
Til + SLl'. 

[0034] The acquisition of the first slice, loci, in the series may be 
of reduced spatial resolution relative to that which is typi- 
cally required for measurement of signal only in the aorta 



or in the primary pulmonary vasculature. For example, if 
the primary image acquisition is a 128 x 128 matrix ac- 
quisition, the first slice can be either a 128 x 64 or other 
spatial resolution that permits visualization of the large 
vascular structures. It should be noted that the sensitivity 
of the calibration or first slice may be adjusted as the in- 
version time Til is inversely proportional to the resolu- 
tion. That is, a 128 x 32 image for slice loci will require a 
longer Til than a 128 x 64 acquisition to maintain overall 
segment time. It is also possible to dispense with the last 
preparation segment (SR5 in the illustrated example) as it 
is no longer required for imaging of first slice, loci. How- 
ever, to maintain the spins in slice loci in the steady 
state, it may be desirable to maintain this preparation 
segment. 

[0035] Referring now to Fig. 3, five slice locations which are im- 
aged through application of pulse sequence 74 of Fig. 2 
are shown relative to one another and superimposed on a 
region-of-interest which in the illustrated example corre- 
sponds to a patient"s heart. As indicated, slices loc2-5 are 
commonly oriented, i.e. generally aligned in parallel with 
respect to one another. However, since the non-selective 
preparation segment SRI' is non-selective, slice loci may 



be placed at an angle or plane that Is not necessarily 
aligned or co-planar with the other Imaged slices. For 
data acquisition of the myocardium, the non-selectivity of 
the saturation recovery pulse SRI' allows the user to pre- 
scribe data acquisition for a slice along the pulmonary 
vein or aortic outflow tract for a better measurement of 
contrast agent concentration. One skilled in the art will 
recognize that slice loci placement relative to the pa- 
tient's heart effectively causes a loss of data acquisition 
for a slice in the left ventricle. However, since the Tl for 
this first slice Is variable, repositioning of slice loci In ac- 
cordance with application of pulse sequence 74 makes 
better use of the first slice relative to the slices acquired 
with a conventional pulse sequence for acquisition of my- 
ocardial perfusion data. 
[0036] The present invention allows for acquisition of high SNR 
images to qualitatively assess perfusion. In this regard, 
the present Invention provides a pulse sequence and 
Imaging technique that supports data acquisition with ef- 
ficient spatial coverage as well as acquisition of a calibra- 
tion slice that provides a linear measure of signal intensity 
versus contrast concentration In the blood pool. That Is, 
the present invention allows for simultaneous measure- 



ment of blood pool contrast concentration for quantitative 
analysis of perfusion data without the perturbing the ac- 
quisition of contrast characteristics of subsequent slices. 
Moreover, sufficient spatial coverage is achievable while 
allowing for acquisition of a calibration slice that does not 
require either a low contrast dose or a dual contrast bolus 
(low dose followed by high dose), or the use of general 
non-selective saturation recovery RF pulses that may neg- 
atively affect image contrast, SNR, and spatial coverage. 
For example, the present invention allows for efficient 
spatial coverage of the left ventricle as well as data acqui- 
sition for a calibration slice that may be quantitatively and 
qualitatively assessed to measure contrast agent concen- 
tration. 

[0037] Therefore, in accordance with one aspect of the present 
invention, a method of acquiring MR data includes the 
steps applying a non-selective preparation pulse for a 
first slice and applying a notched preparation pulse for 
subsequent slices. The method further includes the step 
of acquiring MR data for the first and subsequent slices. 

[0038] In accordance with another aspect of the present inven- 
tion, a pulse sequence is provided. The pulse sequence 
includes a non-selective preparation segment followed by 



a first acquisition segment tliat are played out in a cali- 
bration interval whereas a series of notched selective 
preparation segments followed by subsequent data acqui- 
sition segments are played out thereafter. 

[0039] According to another aspect of the present invention, an 
MRI apparatus includes an MR! system having a plurality 
of gradient coils positioned about a bore of a magnet to 
impress a polarizing magnetic field and an RF transceiver 
system, and an RF switch controlled by a pulse module to 
transmit RF signals to an RF coil assembly to acquire MR 
images. The MRI apparatus further includes a computer 
programmed to apply a non-selective, saturation recovery 
pulse to saturate a first slice of a set of slices. The com- 
puter is also programmed to apply a series of notched 
saturation recovery pulses to saturate each succeeding 
slice of the set of slices. The computer is further pro- 
grammed to apply a series of readout excitation pulses 
and acquire MR data from each slice. 

[0040] In accordance with yet another aspect of the present in- 
vention, a computer readable storage medium has a com- 
puter program stored thereon that represents a set of in- 
structions that when executed by a computer causes the 
computer to generate and cause application of a non- 



selective preparation segment in a first acquisition period 
of a series of acquisition periods. Tlie computer is also 
caused to generate and cause application of a notched 
preparation segment in subsequent acquisition periods. 
The set of instructions further causes the computer to 
generate and cause application of an image acquisition 
segment in at least the subsequent acquisition periods 
and acquire MR data in the subsequent acquisition peri- 
ods. 

[0041] According to another aspect of the present invention, a 
computer data signal embodied in a carrier wave and 
downloadable/uploadable to an MR imaging system is 
provided. The signal represents at least a pulse sequence 
to be carried out for MR data acquisition by the MR imag- 
ing system. The pulse sequence includes a non-selective 
preparation pulse to be played out during a calibration in- 
terval as well as a notched preparation pulse to be played 
out in a series of data acquisition intervals following the 
calibration interval. The pulse sequence further includes a 
series of imaging pulses to be played out in the calibra- 
tion and data acquisition intervals for data acquisition in 
the calibration and data acquisition intervals. 

[0042] The present invention has been described in terms of the 



preferred embodiment, and it is recognized tliat equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



